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kER02YNAMIC C H A U C T E R I S T I C S  AT HIGH SPEEDS 

DiFFEX3iT SHANK DhSI3NS 

Tes t s  of  two 10-foot-diameter tvo-blade propellers 
which dif fered o n l y  in shank design have been made in the 
Langley 16-foot high-speed tunnelo The propellers are  
desigrrat'ed by their blade des2.S numbers, NACA 10-(5)(08)-03, 
whfch had aerodynamically eificient airfoil shank sec t ions ,  
and NACA l0-(5)(08j=03~+ which had thlck c y l i n d r i c a l  shank 
sections t yp ica l  of conTentiona1 blades, The propellers 
mere teated on a 2000-horsep~~rer  dynamometer through a 
range of blade-angles f r o m  20° to 550 at varioua r o t a -  
tional  speeds and at airspeeds up to 496 miles per hour. 
The r e su l t an t ,  tip speeds obtained simulate a c t u a l  flight 
conditions, and the variation of air-stream Mach nunber 
wltn advance r a t i o  is v'i thin the range of ful l -scale  
constant-speed p r o p e l l e r  operatiolzo 

Bcth p r o p e l l e r s  were very efficient, the  maximum 
envelope e f f f c f e n c g  being approximately 0,95 for the 
NACA 10-(5)(08)-03 propeller'and about 5 percent l e s s  for 
the NACA 10-(5)(08)-03R propeller. Based on cons tan t  
power and rotational BpEed, the  efficiency of the 
KACA l o - ( ?  )(08!-03 p r o p e l l e r  Tp'as from 2,8 t o  12 percent 
h lghe r  than that o f  t h e  NACA 10-(5)(08)-03~ pro2eller 
over a range of alrspeeds from 225 to 45G urjles per hourr 
The loss in rmximm efficiency at .the design blaee angle 
f o r  the NACk l 0 - ( 5  j(08)-03 and 10-.(5)(08)-03~ propel le rs  
vas about 22 and 25 percent,  respectively, for an 
increase in helical tip Mach number f rom 0.70 to 1.14. 
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T I 3  h f g h  drag of   the t h i c k  inner  s e c t i o n s  cf  t k e  
iirnC3 IC-(5) (08)-C3E prcneller was the c h i e f  svu rce  of' 
3fTiciency loss,  especially a t  hi3h values  of  advance 
rat1.0 corres. ,pond€ng t o  high forward speeds.  

The NkCs has designed and constructed a se r i e s  cf 
fall-scale lO-foot-dlarnater propeller blades t o  5e usad 
i n  an ex te2s ive  research prcgram f o r  tne purpose cf 
h p r o v l n g  tha high-spsed efficiency of p r o p a l l a r s .  The 
proqram j.ncludes inves t lga t lc t i s  tn ae ter r ine  the a f f a c t  
O f  : 

P r c p l l a r  sol!.dftv 

'l'llfckness r a t i c  of the blade secttrns ' 

D i f f a r e n t  blade s s p t i p n s  (Clark-Y and NACA 16-SaTieS) 

This prcpan?  was f i r s t  d31.ayed by d i f f i c u l t i e s  in the 
design and ccnstructinn o f  a s u l t h b l e  dynamcmetel> w i t h  
which the f u l l - s c a l s  p r o p s l l e r s  could be t 3 s t a d  a t  high 
szreeds. Subseqwnt ly ,  s p a c i a l  war - the  prcjacts  with 
hiFhar p r l e r l . t g  d e l a p d  tha tests, a n d  a n  ernerg-3ncy 
p r c p a m  of t e s t s  was begun i n  the M C a  6-foot  high-speed 
tunnel. These t e s t s  w r e  mada w i t h  model ~ r c p . 3 l l e r s  4 
fact in diamatar ,  and  the x s u l t s  showing the a f f e c t  of 
ccmpressibi l i toy,  solidity, and cambar a r e  reportdd in 
rGferences 1, 2, and 3 .  F u r t h s r  t e s t s  c f  modal p ro -  
p a l l d r s  made i n  the 8-f'cot hiqh-apaed tunnal ( r a f e r a n c e  
4 )  have shown that the h-lghast prc lpa l la r  e f f ' l c i jncy  can 
be obta ined  c n l y  i f  the shanks a re  vary broad  and  t -hin.  
~190, wak3-survey maa.suremsnts made fn f l l . g h t .  t3sts @f 
ona o f  the KACA designed F r c p a l l e r s  w t t h  rcund shanks 
( r w f e r a n c e  5 )  have shown the impcrtance cf i n p r o v i n g  the 
shank sections of pr~pellsrs usad an high-spesd airplanas.  

Tasts cf th3 full-scale p r o p a l l e r a  are now baing 
made i n  the I lan,s lag 16-fcot high-spead tu.nnal and, bacausa 
of thit u r + n t  naed f ~ r  deslpn €nforrnaticn, the 8ata in the 
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present paper are presentad t- det3rmin3 ths ef'fact of 
blade-shank design, A s2ccndary pur2rss c f  ths  p resen t  
paper id tc compara vGluds c\f pr*.cpuls!.va e f f l c i s n c y  as 
f c w d  in the mcdel tests with values cf p c p e l l e r  
e f f i c i ency  based cn shaft tensLen as frund in the f u l l -  
scale  t e s t s .  

Ths c h a r a c t e r t s t f c s  of t.wn rf the NACH p r c p e l l e r s  
tha t  d i f f a r s d  rnly "LE shank 3aFign are prasented frr 
blade anzles panglng f r p m  BO@ to 55O a t  various r o t a -  
t l c n a l  speeds m d  st airsFseds ransing fTca 60 to 49E 
miles psr kxr .  The  rssultantl tip speads c2tained simu- 
l a t a  actual fliyht c v n d i t i c z s ,  arrd tke v a r l a t l c n  cf air- 
stream Xach number w i t h  advance r a t l c  is within t h e  range 
of fi.rll-SCale constant-speed progel ler  o?a ra t i cn .  

r radtus a t  m y  %.lace ~sctlon 

b ,  bladz  an316 at any radius, degreas 

p0,75R blada angle at (2.75 radius, degrees 
C blade-sect lcn dss ipn  l i f t  c c s f f i c i e n t  

2.d . 

7 eirsDesd, feet ~ a r  seccnd 

n F r c p e l l e r '  r c t a t k n a l  spa3d, rps 

D prcvellar diamatar, f e e t  
< 

J F r c p a I l a r  advance ratic (V/nD) 
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mass d e n s i t y  cf a i r ,  s l u ~ s  per cubic f r e t  

p r o p 3 l l e r  thrust, p-unds 

th rus t   cce f f ' i c i en t  (T/pn D 4, 

Prnpellvlr dgntirnomdtar. - A BGOO-hcrsapower p r o p e l l e r  
dynamomatar was used t o  t s s t  the  p r c p a l l e r s  i n  the Langley 
16-foot high-spaad t u n n e l .  The dynamo~i~ats r  is powar.ad . 
by two 1000-hcrssgcwsr e l a c t r i c  motcrs arranged i n  tandem 
arld coupled f c r  the  p r e s e n t  t a s t s  t o  allcw the powzr of 
both  motors t o  'os expanded thrpuqh a singla   prclpel ler .  
II variable-frequancg pcwar supply 'affords an a c c u r a t a  
speed c c n t r c l  from ZOO t c  2100 rpm w i t h  a p e r m i s s i b l e  
overspeed up t o  2280 q m .  The motors  &r'8 Supportad t n  a 
housing i n  such  a way that  t h a i r   c a s i n g s  are f r e e  t o  
rc ta ta  and a l sc  f r e a  tc meva axfally with t l l a t r  shafta. 
The ax181 and r c t a t i c n a l  mcv5rnants are r s s t r a insd  by 
pneumatic pressure capsulds, t k ~ u s t  and tnrque balng 
D r o p o r t i n n a l  to tha prassuFe requi red  t o  restrain the 
motir?n.  Thrust p ~ e s s u m  is I . n d i c a t a d  as t h r u s t  f c x a  by 
msans of pnaumatlc scalas and  t o r q u e  pressu!?e 8 s  txrque 
by msans cf l i q u i d  mannmeters, The dynamometar 5s  call- 
b r a t a d  with t.ha p r c p s l l e r  shaft r o t a t i n g ,  and bc tk  t h r u s t  
and t o r q u 3  maasurements .Tiva s t r a i g h t - l i n e  c a l i b r a t i o n s .  
Figur.3s 1 and 2 81-3 phot,c,g-aphs of  the dynamom3t3~ mcunted 
i n  the t s s t  s s c t i o n  cf tha  t u n n a l ,  and f'fgura 3 is a 
s k e t c h  showiEg p r i n c l p a l  dfmansions cf t.h3 dynamometar 
f a i r t n g  and spinnar, Tha s'napa of' the  s p i n n e r  and f c r e -  
body i s  d e s i p s d  to produce uniform axial f lcw at f r e a -  
stream v e l a c l t y  i n  tha p lane  of the prclpal lar .  P ra s su re  
o r i f i c e s  are l cca t ad  betw3sn th3 s t a t i o n a r y  fa f r ing  and 
the p r o p e l l a r  spinnar tc af 'fcrd a correcticn for any 
change i n  prassura a t  ths spinnar-fairing j unc tu ra  dua 
t o  tha p r o p a l l a r  c p a r a t i c n .  The h c l a s  i n  the sp innzr  

" 
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sur face  f o r  th4 p r o p e l l s r  blade shanks are made V 8 P Y  
small (ffg, 1) but ars n o t  s s a l e d .  The diamstsr o f  the 
p rcpe l l s r  s p i n m r  i s  21.7 percent  o f  t?-a diaxeter of a 
1G-foot p:-cpaller. 

PrcDeller  blafies,- The two-blade . p r o p e l l s r s  t s s ted  
are desi  htsd  hers!-n by thsfr blade & s i g n  numbsrs, 

of  t h e  blade dssign nmbars h a T X  the f c l lowing  S i g n i f i -  
cance: The  d i g i t s   i n  the f j53t  grcnp cf numbers represent 
the p rops l l . e r  di amstsr In fsst t h e  di .gi t  .In the f i r s t  
r a r a n t h e s i s  i s  t e n  ttmes the bssic deeizn l i f t  c o e f f i c i e n t ,  
the d i g i t s  i n  the  ssccrij. nacarithesfs tire tl13 thickness 
r a t i o  i n  percect at th3 0.7 rsdi.us, and t'ne dlgits In the 
third group T4FreSB3t  ths sclfdi tg  Fe?? blade at the 0.7 
rad ius .  The latter I? i nd ica t j s  a blad-e W i t h  a cenvan- 
t iona l  c g l i n d r l c a l  skank. The IiACA IE-ssriss islade 
e s c t i o n s  are a s ~ ~ d ,  ,and tha  KACA 10-(5) f08)-03 prc- 
ps119r i s  deslqnad t o  o b t a i n  vary  hi?h aar@dgnamic 
s f f i c i t n c g ,  a l l  but the mcst 318rnankeYg strength considar- 
s t i o n s  bzirq dis rasard3d.  Z f f i c i m i ;  a f r f c i l  s d c t i o n s  
extend t o  tka spinn3r surfaca f c r  this p r o p a l l e r ,  which 
I s  designed to havs tha  Betz m l n f m u m  inducedensrgy- loss  
logding ( r a f a r e n c s  E )  when o;s.srating at a blade angle of 
45 a t  the 0,7 rad'Lus and an advance ra t ic  of 2.1. The 
dasFgn  prcce3tul.e us3d c o g s i s t s  in findiDg ti19 cptLmum 
loaa ing  wi th  D r o f 1 1 2  Crag asvmed to Sa z a r c  and than 
d3terminins  tha b a s t  blade shape f o r  that load1 whan a 
t h i ckness   6 i s t r ibu t i . cn  -1s asslmlad. Tk3 NACA ?Oy5) {08)-03R 
g r c p a l l e r  r a p r a s a n t s  a structural compromlss having 
cylindrical shanks tmfcal cf conveuticnal proFu ' l la rs  
~i13 3 t z  load d i s t r i b u t i c n  is rnaintainad axcspt  for 
s a c t i c n s  naar ths s p i n n a r  suFface.  tjlad9-form curvas for 
t'nd two JasLgns arp3 shcKn In flgura 4, and f igurss  5 and 
6 ara phctcgraphs 2:' t h 3  blad3s. k ccrnparison af tne 
shank sec t f cns  a t  twc radii fs shown in figurtt 7, 

" - 
MkCk 10- F 5 ) ( 0 8 ) - 0 3  snd NAG& lQ-(5)(UP}-93Ei. The d ' i g i t s  

1 '7  

" 

T E ST3 

T%rust, t ~ ~ a u 3 ,  an3 FC! t a t i o n a l  e-ga;d wzra maasuqd 
f o 5  aacg p r c a l l a r  durtng t a s t s  a t  blade anglas of 20 , 
25 -, 30 , 35 , 40°, G o ,  SOo, and 55O at the  threa-  
quartar (45-inch) radius. A cons tan t  retsti?nal spaed 

of th.3 t a s t s ,  and 8 r a n E s  c\Z advance 
was ccvared by changing the t unne l  
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axial  v d c c i t g  wk-ich cccurs in f r c n t  of the p r o p e l l s r  
in t f ie wir,d t m n e l  d-fffars frnm t4st which w u l d  c c c u r  in 
frte air undar tGa san3 cGaratirJg conditicns. ?‘his 
equiva len t  f r ee  airspee.3 h s s  been d e t e r d n e d  e x p r i -  
msnt&ll;g a n d  was found tc aq-33 w a l l  wlth v a l m s  C a l C U -  
la ted frcm Glaner t r s  eq-aaticn ( re farance  ‘7); hstlc.3, only 
ti13 t .heore t ica l  c c r r s c t l a n  has k e e n  used for tk14 data 
obta inad  i n  thzsa t s s t s .  klss an Invsstisation kss baen 
made ( ra farence  8) whLch i n d f c a t s s  tkat no t un r Je l -wd l  
e f f e c t s  of slqnifiatint  -nagni tu& e x i s t  otkL-,er than these 
fop which Glau5rt’s ccrraction is &?Flied. The rmximm 
c o r r e c t i o n  for any c c n d f t i c n  of opsltaticn was a ~ p r c x i m s t e l y  
7 parcent  (nfgklsst valus of t yzus t  cce f r i c i a3 t  f o r  the 
hivest  v a l u e  rf advhnca ratlo), but  fclr tJJa peak a f f i -  
cizncg cond-ltlon th4 c o r r e c t i o n  f‘cr wind-trmnal w a l l  
i?ierf ,?rencs amcuntsd to lsss than 2.2 ps rcan t  st all 
vsluas o f  advrlnce ratfo a tova  0.7 arid tc l a s s  than 1 p3r- 
cen t  a t  values  akcra 1.2. 
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p r c p e l l a r s  a t  1350 rpm are cornparad with the optimum 
a f f i c i a n c y  cf a p r o p a l l 3 r  with tha a e t z  mininun induced- 
3nargy-loss loading. ' I k 3  curve of optiinum efflCl3nCy 
was c a l c u l a t j d  b y  a rnethcd n s g l j c t i n g  a l l  prc l f lh -  
drag los sas  ( r a fa rance  9) f a r  a two-blada p r o p s l l s r  O ~ P -  
a t i n g  a t  tlx s a m  valuzs of ow3r c c a f f l c f z n t  as w 3 r s  
obtainad with thz i U C A  lo-(5~(08)-03 p r n p a l l e r .  The 
curves i n  f i g u r a  24 shcw t h a t  tha profile-drag l c s sas  ara 
a1?prcxirnat=lg 3 tc! 5 parcant  p a a t a r  f o r  tha c y l l n d r l c a l -  
shank p r c p l l 3 r  than far ttz prclpsllar with a f f i c i a n t   a f r -  
f c i l  s:?anks, and t h e  dLffamnce  incr-sasas with i nc reas ing  
valuas @f advsnc3 r a t i c  ar,d ferwalrd sp3ads. Thzr a f f i c i m c y  
loss dui: to p r c f i l a  drag fcr th+ propa l l a r  with a f f i c i a n t  
a. lrf 'cl l  shanks is vsry small. Tktis rssul t  i.s i n  agraa-  
m m t  with thd thaorutlcal analyeas cf p r o p a l l z r  power 
l o s s a s  p r a s . a t 3 d  i n  r .3 far2ncas  E and 9,  w M c h  shcw t ha t  
t h e  t h i c k  i n m r  s 3 c t i c n s  cf convantional cylindrical- 
shank prclpsl l j rs  ar3 tlia cki3f  sc.urc3 cf blade-drag 1699, , 

s s p e c i a l l y  a t  hlqh valuos cf advance ratla. 

T h s  h i g h a s t   a f f i c i a n c g  (apprnxtmata lg  0.95) shewn i n  
f i g u r e  24 f@r t& : b C A  10-(2.) ((28) -03 prcp-;l lar mag n o t  be 
achiavad unl.*Lqs t h z  gap batw3:sn tha sp inns r  surfaca and 
t ha  wide shanks is kspt v.srg small, as  was dcna i n  tk.3 
wlnd-tunn31 tasts. T h i s  would ba d i f f i c u l t  t o  acccmplish 
for an actual  l n s t a l l a t i c n  cf a var iab la  pitch p r c p a l l a r  
on an aLrplarla, but scm,3 m3ans should ba dsviszd vharaby 
wid2 th in   b l ade - roo t  s j c t i c n s  cpuld b.3 ext,;tndad tc! t k  
spinn2r  surface. Tha dLff3mncas bstws3n the a f f l c i z n c i e s  
of thd i i f 4 I - I  10-(5)(08]-02 a n d  10-(5)(OS)-93Z prcpall2rs 
a r e  s u f f i c i a n t  tu warrant consid2rable 6ffcr.t; i n  evsr- 
coming both th3 s t r u c t u r a l  and th6 blsds-spinnar- juncture  
probljms anccunt2rsd fcr a prac t icabld  d3sign using th3 
shank s sc t i ens  cf the MACA 10-(5) (GB) -@Z p r c p a l l a r .  

3ff;ct  P T  c t m p r a s s i b i l i t y  on rnaxi.mur. 9fficidccy.-  
Tha v a r i a t i c n  cf' anv.31c-p~ a f f i c f t n c g  wlth h a l i c a l  ti 
Mach nurnbar IS. S : I C W ~  in ftgupa 85 for; t1?2 ZACW lO-(5 P (08)-03 
and 10-65)(08)-03R p r c p 2 l l s r s  at th-,s d l f f k r 2 n t  tsst rota- 
t i o n a l  sps3ds. The v a r f a t b n  of air-straam hach n m h r  
with hdl ical  t € p  Mach num'csr at aach rc ta t icn t i l  spaad i s  
also shown cn fi,;ur? 25. d curve jcinlng th3 p5aks cf the 
sf 'f icizncy ~ n v 3 l o p z s  f r r  3ach prnDa1l;r wculd shcvr th3 
maximum 3 f f i c i a n c T   o S t s l n s b l a  at; any ccmbinatlon cf rota- 
~; - i@na l  sFa2d and air-straam Mach numbar. Unfcr tunat$ly,  
tha snvslcpa p3asts at: scmz of tha hishdr rotat . lona1 spaeds 
Wdr* not d d f ' i n i t z l g  3staGlishjd bdcaua3 c f  thz powlltr 

- 
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l i n i t a t i c n s  p r ~ v ~ c u ~ l y  rnsnticnsd. At an  air-strsam 
Kach number of 0.25 the onva lcpe  aff ' ic i3acp cf tk:a 
Pl~Czl 10-(5) (08) -G3 propel!ar drcppad 11 p r c e n t  f o r  a 
change i n  helical tip Mach numher frcm 0 . 9 C  to 1.05. 
Tha c o r r a s p c n d i n g  loss in eclvaloFe  3ff ic :sncg f c r  the 
cylindrical-shank p r o p e l l c r  waa about 1 2  p e r c m t .  For 

p r a w l l u r  e f f i c i s n c y  for tLe twc propellers diverge a s  
the h e l i c a l  tf .p Xaci-1 nullioer ' i n c r a a s s s  wtth a i rspesd .  
At a c o n s t m t  r c t a t f c n a l  spe3d of 1140 r p m . t h 3  6 i f f e r e n c e  
batwean the s n v e l o p s  e f f f c i a n c g  cf the NXCA 10-(5)(OG)-03 
and lG-(5) (Q6)-02Ft r , r c g a l l e r s  ' increased 4 p e r c s n t  f c r  a 
c h s n m  in h e l l c a l  t . i p  Xach lnumber f r r m  9.60 t c  G.75. 
,This " c o z p a r l s p n  clearly shows tka super Lnr i  t y  cf the 
p r o n e l l a r  w i t h  as rcdynamica l ly  e f f - i c i e n t  airfcil shunks 
a t  high valuas cf sdvanca r a t i o  and fcrward sseeds a n d  
also s h ~ w s  t h s t  t ha  lcssss due tc i n e f f i c i e n t  shank 
s 2 c t i o n s  of convent icnal   ccnskant-sgead p r o p e l l s r s  may be 
, c o n s i d e r a b l e   a t  low values o f  h e l i c a l  t i p  L a c n  nurnbar. 

" a  cons t an t   ro t a t iona l  spsad the envelops curves  cf 

Tha f'arnil.lar4 loss I n  maximum a S f i c l a t l c y  dua t o  ccm- 
c r e s s i b i l i t y  is silpwn i n  f ' lgura 26  fc r  t h e  twr prc lpz l lz rs  
t s s t a d  at a blads angle c?f 45" a t  the 0.75 radius. The ' 

data for the M g h a r  h e l i c a l  tip-Mach numbars ware o b t a i n s d  
frcm th4 r a s u l t s  prksr3nt3d .In f i g u r z s  16 and 22. Tha 
maxfmwn e f f l c i a n c y  c!f' the N A C s  lo-( 5) ( 0 8 )  4 3  r ? rcca l l z r  
dacreasad f r o m  abollt 0.95 a t  Q h z l i c a l  t t p  Maqh number Of 
0.70 t o  0.73 a t  a h e l i c a l  t i? &Tach nunbar o f  1.1.4. The 
C r i t i c a l  t i p  Mach nwibsr  Fer this 22 psrc6Et  less W 8 S  about  
0.83. 'Tha corresponding . dac raase  i n  rnaxkw, ef i ' ic iar icg 
f o r  t h z  ~ J H C W  lo-(s)(~a)-ozR p r o p a l l a r  was f rom 0.90 t o  
0.55, or a loss of 25 paycant .  The c r i t ! . ca l  t i p  Xach 
number ?CY tils cy l indr ica l - shank p r o p a l l s r  was also abcut 
0.83. At t h e  h i g h a s t  h s l i c a l  tip Mach n:mb3r cbtatrsed i n  
t ha  t a s t s  (W = 1-23] the  maxirnt~m a f f l c i 3 n c y  cf thd 
!WCA 10-(5)(83)-03R p r o p s l l s r  was o n l y  0.57. In f igure 
26 t h a  variation o f  maximum eff'lcI3ncy x i t h  h a l i c a l  tip 
Nach nnxb2r for a n o d e l  p r c p z l l a r  ( ; h C k  4- (5) (08) -02 ,  
r e f e r e n c e  2 )  i s  shown f p p  ccmparisom. '2ha d i f f d r a n c a  i n  
c r i t i c a l  t i p  Mach numbar f c r  t h a  full-scale and modal 
p r o p a l l d m  is pjrhaDs d m  t.o tha  d!.f'f'icultr i n  d3PLnf t e Ig  
a s t a b l i s h i n g  this p r i n t  f rom the avai . labla  data and d c ? ~  
n c t  n3cessa r i lg  i n d 2 c a t s  sarfclus d i s c r e p a n c . i . 3 ~  fn t k a  
data .  It should ba ?p in tad  c u t ,  hcwJver, t ha t  t h a  full- 
sca le  t a s t s  wz1I.e axtznd3d tc include k7.LGhar h 3 l i c a l  t i p  
Mach nunbars than  thcsa obta insd  i n  tk;3 mcdal t ~ s t 3 .  

c 
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( 3 )  Tka e r i n n a r  dfarrist3r was 0.217 cf tha prcp ' s l le r  
diamatsr in t h e  full-scald t3sts and 0.223 cf t h a  p r c p d l l a r  - 
d la rna t s r  i n  t h a  m d a l  t d s t s .  



a 3 r o d y n a m i c a l l y   e f r i c i a n t  a i r f ~ i l  shank sections, and 
XACk 10-(5) (Os)-O3L, which has thick c y l i c d r l c a l  shank 
s a c t i o n s   t y p i c a l  c.f ccnvantirqal blae..as. Ths r a s u l t s  
of thase t a s t s  and compartsnns with r e s u l t s  cbtalned 
frcm p r sv icus  tests cf a mcdal p r n p s l l a r  ( ~ J A C ~  4-(5)  (08)-03 
p r o p e l l a r )  la? tc the fcllcwlng ccnclus icns :  

1, The EMCA 10-(5)(0a)-03 and 10-(5) (08)-OZB pro- 
pa l l a r s  ars vary 3 f f i c i a n t ,  p a r t f c u l s r l y  fcr th3 design 
condition nf op.rat ic?n.   it a r c t a t l r n a l  spesd cf 1250 Fpm 
the NACb 10-(5) (08)-03 prclpsller 'has an envalopa   a f f ic iancy  
of apprcxFmatalg 0.95 at an advanca ra t io  c f  2.1. T b  
anvelopa a f f i c i e n c r  cf tka  10-(5) ( c I~ ) -cEE p r c p a l l a r  is 
abnut 5 Ferc3nt  l a s s  a t  thu ssae valus o f  advtlnc3 ratio 
aad r o t a t i o n a l  sp2sd. 

2, Based on constant pawar h b s a r p t i c n  (powirr 
cozfficisnt of 0.1 p3r blada) and w n a t a n t  r c t a t lona l  
spaad (1140 r p m )  ths AHGH 10-(5) (08)-03 p r c p e l l r  is 
from 2.8 to 12 parcant mor3 a f f i c i e n t   t h a n  tha 
NaCA 10-(5)(06)-03B prrpsll jr  ovar a range of airspesds 
from 225 to 450 mllas p z r  hour. E'r?r this r o t a t i c n a l  
speed  and ranga clf airspaads tha h a l i c a l  tip Mach numbar 
dcirs n c t  excaad 0.73. 

3. Tha critichl tip Mach numtar for maximum 
afficiancy at tha ds's-LFp blade angla t f  45O is apgroximatelg 
00e3 f r r  b o t k  t h z  NASA 1@-(5)(08)-02 and 10-(5)(08)-03R 
prrp3l lars .  

4. Tha ICs5 in maxizum affici3ncg at tlia deslsn 
blade angla cf 45 f o r  tha NxCLi 10- ( 5 )  (08) -03 and 
IO-(5)(06)-03R propi j l la rs  is abrut 22 and 25 pzrcan t ,  
r j s p a c t i v 3 l g ,  f o r  an i n c r a a s a  in h 3 1 i c a l  tip Mack nmbar  
from 0.70 tc 1.14. 

5. Tke high drrp clf tha t h l c k  Fnnar sacticns of 
the NACA lO-(E) ( 0 8 ) - C 3 f i  prcpal ler ;  was tha c l i iz f  scurca of 
a f f i c i a n c y  l c s s ,  aspac ia l lg  a t  high valuds cf advanca ra t io  
corraspcnding tc. high forward  spssda . 



6. Tha envalnpd aff‘ icfancg obta inad  fcr the full- 
s c a l a  prena113r,  MACH lO-(?)(OS)-03, is h i g h a r  than tha 
snva lop3  a f f i c i a n c g  o b t a i n a d  for thd mcl3ie1 p r c p z l l a r ,  
FHCA 4-(5) (08)-0,1, by o n l y  11 to ,; p a r c a n t  bvdr a rang3 
of t-tfr-straam Mach numba_rs f rom 0.1’75 to 0.56.  

2 
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Figure  1.- NACA 10-(6)108)-0B prope l l er   mounted  on dynamometer 
i n  teat  s e c t l o n  with t u n n e l  open. 
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Flgure  2.- NACA 10-~61(08)-03 propeller  mounted  on  dynamometer 
i n  teat  section n l t h   t u n n e l  closed. 
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Fig. 4 NACA RM No. L6L27a 
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Figure 4.- Blade-form curves for NACA 10-(5x08)-03 and l06~08)-03R 
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NACA RM No. L6L27a 

Figure  5 . -  Blades of NACA 10-~51(081-03 p r o p e l l e r .  

Fig. 5 



NACA RM No. L6L27a Fig. 6 

F i g u r e  6.- B l a d e s  o f  NACA 10-(51(081-03R p r o p e l l e r .  
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W Bbde sections at 0.3 radius. NATIONAL ADVISORY 
COMMIllEE FOR AERollAUTlCS 

Figure 7.- Comparison of shonk sections of NACA 
propellers. 

l~5)(08kO3 and lO-(SXO8)-0SR 
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Figure 8.-Characteristics of NACA 10-(5)(08-03 propeller.  Rotational speed, I140 rpm. 3 A 
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Figure 8 .-Continued.  Rotational speed, I 140 rpm. 
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(c)  Efficiency. 

Figure 8 -Concluded. Rotational speed, IIWrpm. 
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(a)Thrust coefficient. 

Figure 9.-Characteristics of NACA 10-(5)0-03 propeller.  Rotational 
speed, 1350rpm. 
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Figure 9 .--Continued. Rotational speed, 1350rpm. 
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Fig. IO NACA RM No. L6L27a 
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Advance ratio , 3 NATIONAL ADVISORY 
COMWITTEE Fo11 AERONAUTICS 

Figure IO. - Choracterist  ics of NACA IO-(5)(08)-03 propel ler. 

Rotational speed, I 5 0 0  rpm; ,do.75R = 45O. 
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(a) Thrust coefficient. 

Figure 1Ir”haracteristics of NACA Do.dsx08)-03 propeller.  Rotational speed, 

1600 rpm. 

3 
op 
CL 
CL 
P 



. .  

0 .2 4 .6 .8 1.0 12 1 . 4  1.6 1.8 2.0 2.2 24 26 2.8 
Advance ratio, J 

(b)kwer coefficient. 
'igure t I .--Continued. Rotational speed, 1600 rpm. 
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Figure I I .-Concluded. Rotational  speed, 1600 rpm. 
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(b) Power coefficient. 

Figure 12.-Continued. Rotational speed, 1800rpm. 
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Figure 12.-Concluded. Rotational speed, 1800rpm. 
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NACA RM No. L6L27a Fig. 13a 

Advance ratio, J 

(a) Thrust coefficient. NATIONAL ADVISORY 
COMMITTEE FOR AERaluUTtCS 

Figure 13 .- Characteristics of NACA 10-(5xO8)-03 

propeller. Rotational speed, 2000 rpm . 
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Figure I 3 .-Continued. Rotational speed, 2000 rpm. 



HACA RM No. L6L27a Fig. 13c 
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Figure 13.- Concluded. Rotational speed I 2000 rpm. 
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Figure 14,- Characteristics of NACA lo(5~08~03 propeller. 

Rototionol speed , 2100 rpm. 
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(b) Power coefficient. 

Figure 14. Continued. Rotational speed, 2100 rpm. 
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Figure 15.- Characteristits of NACA 10-(5)(08)03 propeller. 

Rototionot speed, 2160 rpm. 



Fig. 15b NACA RM No. L6L27a 
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(b) Power coefficient. 

Figure 15,- Confinued.  Rotational speed, 2160 rpm. 



NACA RM No. L6L27a Fig. 15c 
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Figure 15.- Concluded. Rotational speed, 2160rpm, 



Fig. 16a NACA R.M No. L6L27a 
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@)Air-stmam Moch number at  maximum efficiencx 0.6 I I . 

Figum 16.- Characteristics of NACA l0-(5)(08)-03 propeller 

ot high  forward speeds. /Bo,75R = 45? 
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(b)Air-stream Mach number at maximum efficiency, 0.641. 

Figure lG.-Concluded. 
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Figure 17.-Characteristics of 
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Figure 17.- Continued.  Rotational speed, I140rpm. 
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(a)Thrust coefficient. 

Figure 18.- Characteristics of NAG4 IO-(5)(08)-03R propeller. 

Rotational speed, I350 rpm. 



Adwnce ratio, . J 
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Figure 18.---Confirmed. Rotational speed, 1350rpm. 
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(c) Efficiency. 

Figure 18.---Concluded. Rotational speed, 1350 rpm. 
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Fig. 19 NACA RNI No. L6L27a 

Advance rotio I J NATIONAL ADVtSORY 
COnMlTTEE FOR AEROnAUTlCS 

Figure 19.- Characteristics of NACA t0-(5)(08)-03R propeller. 

Rotational speed, I500 rpm ; &7sR = 45 O .  
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Figure  20.-Chamcteristics of NACA IO-(5XW))-03R propeller. Rotational 
speed, 1800rpm. 
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(b) Power coefficient. 

Figure X).-Continued. Rotational speed, 1800 rpm. 
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Figure 21.- Characteristics. of NACA Io-(5X08)-03R propeller. 

Rototionol speed, 2160 rpm. 
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Figure 2 1 .- Continued.  Rotational speed, 2160 rpm. 
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Envelope  efficiency of NACA 10-(5)(08)-03 propeller, 1350rpm 

""_ Envelope  efficiency of NACA 10-(5)(08)-03R propeller, 1350rpm 

" Optimum efficiency of propeller with Betz loading 
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Figure  24.-Gomparison of the envelope efficiency of NAGA l0-(5X08)-03 and 

NATIOWU ADVISORY 
COMllTm m0 A E C M U U T K S  

I0-(5X08)-03R propellers at 1350rpm with the  optimum efficiency of 

o two-blade  propeller with the Betz loading. 
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